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Description
Technical Field

[0001] The present invention relates to wireless communication, and more particularly, to an apparatus and method
for transmitting and receiving control information.

Background Art

[0002] When the channel state between an evolved Node B (eNB) and a User Equipment (UE) is poor, a Relay Node
(RN) is installed between them to provide a better radio channel to the UE. In addition, use of an RN at a cell area where
a channel from an eNB is in poor state can provide a high-speed data channel and extend cell service coverage. RNs
have been introduced to eliminate shadowing areas and are widely deployed in a wireless communication system.
[0003] Conventionally, relaying was confined to the function of a repeater that simply amplifies a signal and forwards
the amplified signal. However, more intelligent relay schemes have recently been developed. Furthermore, relaying is
a requisite technology to reduce eNB installation cost and backhaul maintenance cost, while extending service coverage
and increasing data throughput in a future-generation mobile communication system. Along with the growth of relaying
techniques, there exists a need to support an RN used in a conventional wireless communication system for a new
wireless communication system.

[0004] In a 3" Generation Partnership Project (3GPP) Long Term Evolution-Advanced (LTE-A) system, an RN should
transmit a Hybrid Automatic Repeat reQuest (HARQ) feedback in response to data transmission from an eNB. However,
resources for use in HARQ feedback transmission from an RN have not been specified so far. As a result, HARQ
feedback transmissions from an RN and a UE may collide, thereby remarkably degrading communication performance.

Disclosure
Technical Problem

[0005] An object of the presentinvention devised to solve the conventional problem is to provide a method for receiving
control information from an eNB at an RN.

[0006] Another object of the present invention is to provide an RN for receiving control information from an eNB.
[0007] Another object of the present invention is to provide a method for transmitting control information to an RN at
an eNB.

[0008] A further object of the present invention is to provide an eNB for transmitting control information to an RN.
[0009] It will be appreciated by persons skilled in the art that the objects that could be achieved with the present
invention are not limited to what has been particularly described hereinabove and the above and other objects that the
present invention could achieve will be more clearly understood from the following detailed description.

Technical Solution

[0010] In an aspect of the present invention, a method for receiving control information at a Relay Node (RN) in a
wireless communication system includes receiving, from an evolved Node B (eNB), control information for a Hybrid
Automatic Repeat reQuest (HARQ) ACKnowledgment (ACK) feedback corresponding to from an evolved Node (eNB)
by higher-layer signaling, and transmitting, the HARQ feedback on an uplink control channel based on the control
information, to the eNB. The control information includes information about a resource of the uplink control channel for
transmission of the HARQ feedback.

[0011] The uplink control channel may be a Physical Uplink Control CHannel (PUCCH) and the information about
resources of the uplink control channel may be indicated by the index of a Control Channel Element (CCE). The information
about resource of the uplink control channel may be RN-specific.

[0012] In another aspect of the present invention, a method for transmitting control information at an eNB in a wireless
communication system includes transmitting, to an RN, control information for a HARQ ACK feedback corresponding
to data transmission from the eNB through an higher-layer signaling, and receiving, the HARQ feedback through a
resource of an uplink control channel indicated by the control information, from the RN.

[0013] In another aspect of the present invention, an RN for receiving control information in a wireless communication
system includes a reception antenna configured to receive, from an eNB, control information for an HARQ ACK feedback
corresponding to data transmission from the eNB through an higher-layer signaling, a processor configured to determine
aresource of an uplink control channel to be used for transmitting the HARQ feedback based on the control information,
and a transmitting antenna configured to transmit the HARQ feedback in the determined resource.
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[0014] According to a further aspect of the present invention, an eNB for transmitting control information in a wireless
communication system includes a transmission antenna configured to transmit, to an RN, control information fora HARQ
ACK feedback corresponding to data transmission from the eNB through an higher-layer signaling, and a reception
antenna configured to receive, the HARQ feedback through the resource of an uplink control channel indicated through
the control information, from the RN.

Advantageous Effects

[0015] According to various embodiments of the present invention, even though an RN and a UE transmit HARQ
feedbacks on Physical Uplink Control Channels (PUCCHSs), the HARQ feedbacks do not collide with each other, thus
remarkably increasing communication performance.

[0016] It will be appreciated by persons skilled in the art that the effects that can be achieved with the present invention
are not limited to what has been particularly described hereinabove and other advantages of the present invention will
be more clearly understood from the following detailed description taken in conjunction with the accompanying drawings.

Brief Description of the Drawings

[0017] The accompanying drawings, which are included to provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illustrate embodiments of the invention and together with the
description serve to explain the principle of the invention. In the drawings:

[0018] Fig. 1 illustrates the configuration of a relay backhaul link and a relay access link in a wireless communication
system;

[0019] Fig.2isablockdiagram ofan evolved Node B (eNB) 205 and a Relay Node (RN) 210 in awireless communication
system 200;

[0020] Fig. 3 illustrates the structure of a radio frame in a 3'4 Generation Partnership Project Long Term Evolution
(3GPP LTE) system as an exemplary mobile communication system;

[0021] Fig. 4 illustrates the structures of a downlink subframe and an uplink subframe in the 3GPP LTE system as an
exemplary mobile communication system;

[0022] Fig. 5 illustrates the structure of a downlink time-frequency resource grid used in the present invention;
[0023] Fig. 6 illustrates an exemplary structure of a fake Multicast Broadcast Single Frequency Network (MBSFN)
subframe for a relay backhaul link in an LTE-Advanced (LTE-A) system; and

[0024] Fig. 7 illustrates an exemplary Relay-Physical Downlink Control CHannel (R-PDCCH) multiplexing method in
the LTE-A system.

Best Mode for Carrying Out the Invention

[0025] Reference will now be made in detail to the preferred embodiments of the present invention with reference to
the accompanying drawings. The detailed description, which will be given below with reference to the accompanying
drawings, is intended to explain exemplary embodiments of the present invention, rather than to show the only embod-
iments that can be implemented according to the invention. The following detailed description includes specific details
in order to provide a thorough understanding of the present invention. However, it will be apparent to those skilled in the
art that the present invention may be practiced without such specific details. For example, while the following detailed
description is given under the assumption that a 3" Generation Partnership Project (3GPP) Long Term Evolution/ Long
Term Evolution-Advanced (LTE/LTE-A) system is being used as a mobile communication system, the description is
applicable to any other wireless communication system except for specific features inherent to the 3GPP LTE/LTE-A
system.

[0026] In some instances, known structures and devices are omitted or are shown in block diagram form, focusing on
important features of the structures and devices, so as not to obscure the concept of the invention. The same reference
numbers will be used throughout this specification to refer to the same parts.

[0027] In the following description, a terminal generically refers to a mobile or fixed user terminal device such as a
User Equipment (UE), a Mobile Station (MS), an Advanced Mobile Station (AMS), etc. and a Base Station (BS) generically
refers to any node at an end of a network, which communicates with a UE, such as a Node B, an evolved Node B (eNode
B or eNB), an Access Point (AP). While the present invention will be described below in the context of a 3GPP LTE/LTE-
A system, the contents of the present invention are also applicable to other communication systems.

[0028] In a mobile communication system, a UE can receive information from an eNB on downlink and transmit data
to the eNB on uplink. Information transmitted from or received at the UE includes data and various types of control
information. There are many physical channels depending on the types and usages of information transmitted from or
received at UEs.
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[0029] Fig. 1 illustrates the configuration of a relay backhaul link and a relay access link in a wireless communication
system.

[0030] With the introduction of a function of relaying a signal on a link between an eNB and a UE to a Relay Node
(RN), two links having different attributes apply to each of downlink and uplink carrier frequency bands in a 3GPP LTE-
A system. A link between the eNB and the RN is defined as a backhaul link. A backhaul link through which a signal is
transmitted using downlink resources in Frequency Division Duplex (FDD) or Time Division Duplex (TDD) is called a
backhaul downlink, whereas a link through which a signal is transmitted using uplink resources in FDD or TDD s called
a backhaul uplink.

[0031] Meanwhile, a link between an RN and a UE is defined as a relay access link. A relay access link through which
a signal is transmitted in a downlink frequency band (in case of FDD) or in downlink subframe resources (in case of
TDD) is called an access downlink, whereas a relay access link through which a signal is transmitted in an uplink
frequency band (in case of FDD) or in uplink subframe resources (in case of TDD) is called an access uplink.

[0032] An RN may receive information from an eNB through a relay backhaul downlink and transmit information to
the eNB through a relay backhaul uplink. In addition, the RN may transmit information to a UE through a relay access
downlink and receive information from the UE through a relay access uplink.

[0033] The RN may perform initial cell search including acquisition of synchronization to the eNB. For the initial cell
search, the RN may receive a synchronization channel from the eNB and then may synchronize its timing to the eNB
and acquire a cell Identifier (ID) and other information from the received synchronization channel. Subsequently, the
RN may receive a physical broadcast channel from the eNB and acquire broadcast information of a cell from the received
physical broadcast channel. Meanwhile, the RN may receive a relay backhaul downlink Reference Signal (RS) and
determine the channel state of the relay backhaul downlink from the relay backhaul downlink (RS) during the initial cell
search. The RN may acquire more detailed system information by receiving a Relay-Physical Downlink Control CHannel
(R-PDCCH) and/or a Relay-Physical Downlink Shared CHannel (R-PDSCH).

[0034] If the RN initially accesses the eNB or has no radio resources for signal transmission to the eNB, the RN may
perform a random access procedure with the eNB. In the random access procedure, the RN may transmit a preamble
on a Physical Random Access CHannel (PRACH) and receive a random access response message on an R-PDCCH
and an R-PDSCH associated with the R-PDCCH.

[0035] In the case of contention-based random access except for handover, a contention resolution procedure may
be performed, including transmission of an additional PRACH and reception of an additional R-PDCCH/R-PDSCH.
[0036] After the above-described procedure, the RN may receive an R-PDCCH/R-PDSCH and transmit a Relay-
Physical Uplink Shared CHannel (R-PUSCH)/Relay-Physical Uplink Control CHannel (R-PUCCH) in a general uplink/
downlink signal transmission procedure.

[0037] Control information that the RN transmits to the eNB on the uplink or the eNB receives from the RN on the
uplink may include an ACKnowledgment/Negative ACKnowledgment (ACK/NACK) signal, a Channel Quality Indicator
(CQl), a Precoding Matrix Index (PMI), a Rank Indicator (RI), etc. In the 3GPP LTE-A system, the RN may transmit
control information such as a CQlI, a PMI, an R, etc. on the R-PUSCH/R-PUCCH.

[0038] Fig. 2 is a block diagram of an eNB 205 and an RN 210 in a wireless communication system 200.

[0039] While one eNB 205 and one RN 210 are shown in Fig. 2 to simplify the structure of the wireless communication
system 200, the wireless communication system 200 may include one or more eNBs and/or one or more RNs.

[0040] Referring to Fig. 2, the eNB 205 may include a Transmission (Tx) data processor 215, a symbol modulator
220, a transmitter 225, a Tx and Reception (Rx) antenna 230, a processor 280, a memory 285, a receiver 290, a symbol
demodulator 295, and an Rx data processor 297. The RN 210 may include a Tx data processor 265, a symbol modulator
270, atransmitter 275, a Tx and Rx antenna 235, a processor 255, a memory 260, a receiver 240, a symbol demodulator
245, and an Rx data processor 250. While each of the eNB 205 and the RN 210 is shown as having the single antenna
230 or 235, the eNB 205 and the RN 210 have a plurality of antennas. Accordingly, the eNB 205 and the RN 210 support
Multiple Input Multiple Output (MIMO) according to the present invention. The eNB 205 may support both Single User-
MIMO (SU-MIMO) and Multi User-MIMO (MU-MIMO).

[0041] On downlink, the Tx data processor 215 receives traffic data, formats the received traffic data, encodes the
formatted traffic data, interleaves the coded traffic data, and modulates the interleaved traffic data (symbol mapping),
thus producing modulation symbols ("data symbols"). The symbol modulator 220 receives the data symbols and pilot
symbols, processes them, and outputs a sequence of symbols.

[0042] The symbol modulator 220 multiplexes the data symbols with the pilot symbols and transmits the multiplexed
symbols to the transmitter 225. Each of the transmission symbols may be a data symbol, a pilot symbol, or a null value.
The pilot symbols may be transmitted successively in each symbol period. The pilot symbols may be multiplexed in
Frequency Division Multiplexing (FDM), Orthogonal Frequency Division Multiplexing (OFDM), Time Division Multiplexing
(TDM), or Code Division Multiplexing (CDM).

[0043] The transmitter 225 receives the sequence of symbols, converts the received symbol sequence to one or more
analog signals, and subjects the analog signals to additional processes (e.g. amplification, filtering, and frequency
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upconversion), thereby generating a downlink signal suitable for transmission on a radio channel. The downlink signal
is transmitted to an RN through the antenna 230.

[0044] In the configuration of the RN 210, the antenna 235 receives a downlink signal from an eNB. The receiver 240
subjects the downlink signal received through the antenna 235 to processes (e.g. filtering, amplification, and frequency
downconversion) and digitizes the processed signal, thus obtaining samples. The symbol demodulator 245 demodulates
received pilot symbols and provides the demodulated pilot symbols to the processor 255, for channel estimation.
[0045] The symbol demodulator 245 also receives a frequency response estimate for the downlink from the processor
255, acquires data symbol estimates (i.e. estimates of transmitted data symbols) by demodulating received data symbols,
and outputs the data symbol estimates to the Rx data processor 250. The Rx data processor 250 recovers transmitted
traffic data by demodulating (symbol-demapping), deinterleaving, and decoding the data symbol estimates.

[0046] The operations of the symbol demodulator 245 and the Rx data processor 250 are complementary to those of
the symbol modulator 220 and the Tx data processor 215 of the eNB 205.

[0047] On uplink, the Tx data processor 265 of the RN 210 processes traffic data and thus provides data symbols.
The symbol modulator 270 multiplexes the data symbols received from the Tx data processor 265, modulates the
multiplexed data symbols, and outputs a symbol sequence to the transmitter 275. The transmitter 275 generates an
uplink signal by processing the symbol sequence. The uplink signalis transmitted to the eNB 205 through the antenna 235.
[0048] The eNB 205 receives the uplink signal from the RN 210 through the antenna 230. The receiver 290 acquires
samples by processing the received uplink signal. The symbol demodulator 295 generates estimates of uplink pilot
symbols and data symbols by processing the samples. The Rx data processor 297 recovers the traffic data transmitted
by the RN 210 by processing the data symbol estimates.

[0049] The processors 255 and 280 of the RN 210 and the eNB 205 instruct (e.g. control, adjust, manage, etc.)
operations of the RN 210 and the eNB 205, respectively. The processors 255 and 280 may be connected respectively
to the memories 260 and 285 that store program codes and data. The memories 260 and 285 are connected to the
processors 255 and 280 and store an Operating System (OS), applications, and general files.

[0050] The processors 255 and 280 may be called controllers, microcontrollers, microprocessors, microcomputers,
etc. Meanwhile, the processors 255 and 280 may be achieved by various means, for example, hardware, firmware,
software, or a combination thereof. In a hardware configuration, the processors 255 and 280 may be provided with
Application Specific Integrated Circuits (ASICs), Digital Signal Processors (DSPs), Digital Signal Processing Devices
(DSDPs), Programmable Logic Devices (PLDs), Field Programmable Gate Arrays (FPGAs), etc. which are configured
to implement the present invention.

[0051] In a firmware or software configuration, an embodiment of the present invention may be implemented in the
form of a module, a procedure, a function, etc. Firmware or software configured to implement the present invention may
reside in the processors 255 and 280 or may be stored in the memories 260 and 285 and executed by the processors
255 and 280.

[0052] The layers of radio interface protocols between an RN/eNB and a wireless communication system (network)
may be classified into Layers 1, 2 and 3 (L1, L2 and L3) based on the three lowest layers of the Open System Intercon-
nection (OSI) model. A physical layer corresponds to L1 and provides information transfer service on physical channels.
A Radio Resource Control (RRC) layer corresponds to L3 and provides radio control resources between a UE and the
network. The RN/eNB may exchange RRC messages with the wireless communication network through the RRC layer.
[0053] Fig. 3 illustrates an exemplary structure of a radio frame in the 3GPP LTE system as an exemplary mobile
communication system.

[0054] Referring to Fig. 3, a radio frame is 10ms (327200 Ts) long and divided into 10 equal-sized subframes. Each
subframe is 1ms long and further divided into two slots. Each time slot is 0.5ms (15360 Ts) long. Herein, Ts represents
a sampling time and Ts=1/(15kHzx2048)=3.2552x108 (about 33ns). A slot includes a plurality of OFDM symbols or
Single Carrier Frequency Division Multiple Access (SC-FDMA) symbols in the time domain and a plurality of Resource
Blocks (RBs) in the frequency domain.

[0055] In the LTE system, one RB includes 12 subcarriers by 7 (or 6) OFDM symbols or SC-FDMA symbols. A unit
time in which data is transmitted is defined as Transmission Time Interval (TTI). The TTI may be defined as one or more
subframes. The above-described radio frame structure is purely exemplary and thus the number of subframes in a radio
frame, the number of slots in a subframe, or the number of OFDM or SC-FDMA symbols in a slot may vary.

[0056] Fig. 4 illustrates the structures of a downlink subframe and an uplink subframe in the 3GPP LTE system as an
exemplary mobile communication system.

[0057] Referring to Fig. 4(a), a downlink subframe includes two slots in the time domain. Up to three OFDM symbols
at the start of the first slot in the downlink subframe are used for a control region to which control channels are allocated
and the other OFDM symbols of the downlink subframe are used for a data region to which a Physical Downlink Shared
CHannel (PDSCH) is allocated.

[0058] Downlink control channels used in the 3GPP LTE system include a Physical Control Format Indicator CHannel
(PCFICH), a Physical Downlink Control CHannel (PDCCH), and a Physical Hybrid automatic repeat reQuest (ARQ)
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Indicator CHannel (PHICH). The PCFICH is located in the first OFDM symbol of a subframe, carrying information about
the number of OFDM symbols used for transmission of control channels (i.e. the size of the control region) in the subframe.
Control information transmitted on the PDCCH is called Downlink Control Information (DCI). The DCI delivers uplink
resource allocation information, downlink resource allocation information, and uplink Transmit Power Control (TPC)
commands for UE groups. The PHICH delivers an HARQ ACKnowledgment/Negative ACKnowledgment (ACK/NACK)
signal in response to an uplink transmission. That is, an ACK/NACK signal for uplink data transmitted by a UE is
transmitted on the PHICH.

[0059] Now a description will be given of a downlink physical channel, PDCCH.

[0060] An eNB may transmit on the PDCCH a resource assignment and transport format for a PDSCH (a DL grant),
a resource assignment fora PUSCH (a UL grant), a set of TPC commands for individual UEs of a UE group, Voice Over
Internet Protocol (VolP) activation information, etc. A plurality of PDCCHs may be transmitted in the control region. A
UE may monitor a plurality of PDCCHs. The PDCCH includes an aggregate of one or more consecutive Control Channel
Elements (CCEs) and may be transmitted in the control region after subblock interleaving. A CCE is a logical allocation
unit for providing a coding rate to the PDCCH according to the state of a radio channel. The CCE corresponds to a
plurality of Resource Element Groups (REGs). The format and number of available bits of the PDCCH may be determined
according to the relationship between the number of CCEs and a coding rate provided by the CCEs.

[0061] Control information carried onthe PDCCH is called DCI.[Table 1] below illustrates DCl according to DCI formats.
[0062]

[Table 1]

DCI Format Description

DCl format 0 | used for the scheduling of PUSCH

DCI format 1 used for the scheduling of one PDSCH codeword

used for the compact scheduling of one PDSCH codeword and random access procedure initiated

DClformat 1A | o PDCCH order

DCI format 1B | used for the compact scheduling of one PDSCH codeword with precoding information

DCI format 1C | used for very compact scheduling of one PDSCH codeword

used for the compact scheduling of one PDSCH codeword with precoding and power offset

DClI format 1D | . .
information

DCIl Format 2 | used for scheduling PUSCH to UEs configured in closed-loop spatial multiplexing mode

DCI format 2A | used for scheduling PDSCH to UEs configured in open-loop spatial multiplexing mode

DCl format 3 | used for the transmission of TPC commands for PUCCH and PUSCH with 2-bit power adjustments

DCI format 3A used for the transmission of TPC commands for PUCCH and PUSCH with single bit power

adjustments

[0063] DCIformat 0 conveys uplink resource allocation information, DCI format 1 to DCI format 2 are used to indicate
downlink resource allocation information, and DCI format 3 and DCI format 3A indicate uplink TPC commands for UE
groups.

[0064] Resource mapping for PDCCH transmission at an eNB in the LTE system will be described in brief.

[0065] In general, an eNB may transmit scheduling allocation information and other control information to a UE on a
PDCCH. The PDCCH may be transmitted in an aggregate of one or more contiguous CCEs. A CCE includes 9 REGs.
Nreg RBGs are not allocated to the PCFICH or PHICH. CCE 0 to CCE Nggg-1 are available to the system

( Nioe= !_N nee 19 ) . - The PDCCH supports multiple formats as illustrated in [Table 2]. A PDCCH com-

posed of n contiguous CCEs begins with a CCE corresponding to i mod n=0 (i is a CCE index). A plurality of PDCCHs
may be transmitted in one subframe.
[0066]
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[Table 2]
PDCCH format | Numberof CCEs | Number of resource-element groups | Number of PDCCH bits
0 1 9 72
1 2 18 144
2 4 36 288
3 8 72 576

[0067] Referring to [Table 2], the eNB may determine a PDCCH format according to the number of areas in which
control information is to be transmitted. A UE may reduce overhead by reading control information on a CCE basis.
Similarly, an RN may read control information on an R-CCE or CCE basis. In the LTE-A system, REs may be mapped
to units of an R-CCE or CCE in order to transmit an R-PDCCH to an RN.

[0068] Referring to Fig. 4(b), an uplink subframe may be divided into a control region and a data region in the frequency
domain. A Physical Uplink Control CHannel (PUCCH) carrying uplink control information is allocated to the control region
and a Physical Uplink Shared CHannel (PUSCH) carrying user data is allocated to the data region. To maintain a single-
carrier property, a UE does not transmit a PUSCH and a PUCCH simultaneously. A PUCCH for a UE is allocated to an
RB pair in a subframe. The RBs of the RB pair occupy different subcarriers in two slots. Thus it is said that the RB pair
allocated to the PUCCH is frequency-hopped over a slot boundary.

[0069] Fig. 5 illustrates the structure of a downlink time-frequency resource grid used in the present invention.
[0070] A downlink signal transmitted in each slot uses a resource grid including NPLggxNRBg - subcarriers by NDLg,
OFDM symbols Here, NPLgg is the number of downlink RBs, NRBg is the number of subcarriers in one RB, and NPLg,
is the number of OFDM symbols in one downlink slot. The value of NPl varies with a downlink transmission bandwidth
set in a cell and it should satisfy NMin.DL_ <NDL_. < Nmax.DL_ where NminDL_. is a minimum downlink bandwidth
supported by the wireless communication system and Nmax.DLo is a maximum downlink bandwidth supported by the
wireless communication system. For example, Nmin.DL__=6 and Nmax.DL_.=110 to which the present invention is not
limited. The number of OFDM symbols per slot may be different according to a Cyclic Prefix (CP) length and a subcarrier
spacing. For MIMO transmission, one resource grid may be defined for each antenna port.

[0071] Each elementin the resource grid for each antenna port is called a Resource Element (RE), uniquely identified
by an index pair (k, 1) in a slot. Herein, k is a frequency-domain index and 1 is a time-domain index. k has a value ranging
from 0 to NPLggNRBg -1 and | has a value ranging from 0 to NPLg . -1.

[0072] An RB illustrated in Fig. 5 is used to describe the mapping relationship between a physical channel and REs.
RBs may be categorized into Physical Resource Block (PRB) and Virtual Resource Block (VRB). A PRB is defined by
NBL, b contiguous OFDM symbols in the time domain by NRBg. contiguous subcarriers in the frequency domain.
NBLy b and NRBg may be preset. For example, NPty 1 and NRBg may be given as illustrated in [Table 3] below.
Therefore, one PRB includes NPty xNRB - REs. One PRB may correspond to one slot in the time domain and 180kHz
in the frequency domain, which should not be construed as limiting the present invention.

[0073]
[Table 3]
Configuration aL
N :EB N syl
Normal
cyclic Af=15kH | 12 7
prefix
Extende 6
d
cyclic Af=15kH
prefix Af=7.5kH | 24 3

[0074] APRB has a number ranging from 0 to NPLgg-1. The relationship between a PRB number npgg in the frequency
domain and an RE (k, 1) in a slot always satisfies.

[0075] The size of a VRB is equal to that of a PRB. VRBs may be classified into Localized VRB (LVRB) and Distributed
VRB (DVRB). For each VRB type, a pair of VRBs located in the two slots of a subframe are labeled with the same single
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VRB number, nygp.

[0076] The VRB and PRB may be of the same size. VRBs may be classified into LVRB and DVRB. For each VRB
type, a pair of VRBs may be labeled with the same VRB index (or the same VRB number) and allocated across the two
slots of a subframe. In other words, one of indexes 0 to NPLz5-1 is assigned to each of NPlgg VRBs in the first slot of
a subframe and to each of NPLyg VRBs in the second slot of the subframe.

[0077] The above-described radio frame, downlink subframe, uplink subframe, and downlink time-frequency resource
grid structures illustrated in Figs. 3, 4 and 5 are also applicable between an eNB and an RN.

[0078] An operation for transmitting a PDCCH to a UE by an eNB in the LTE system will be described below. The eNB
determines a PDCCH format according to DCI to be transmitted to the UE and adds a Cyclic Redundancy Check (CRC)
to control information. The CRC is masked by an ID known as a Radio Network Temporary Identifier (RNTI) according
to the owner or usage of the PDCCH. If the PDCCH is directed to a specific UE, the CRC of the PDCCH may be masked
by an ID of the UE. If the PDCCH is an R-PDCCH directed to a specific RN, the CRC of the PDCCH may be masked
by an ID of the RN, for example, a Cell-RNTI (C-RNTI). If the PDCCH carries a paging message, the CRC of the PDCCH
may be masked by a Paging Indicator Identifier (P-RNTI). If the PDCCH is a PDCCH or R-PDCCH carrying system
information, its CRC may be masked by a system information ID, System Information RNTI (SI-RNTI). To indicate that
the PDCCH carries a random access response to a random access preamble transmitted by a UE or an RN, its CRC
may be masked by a Random Access-RNTI (RA-RNTI). [Table 4] illustrates examples of an ID by which the CRC of a
PDCCH and/or R-PDCCH is masked.

[0079]

[Table 4]
Type Identifier Description

UE-specific C-RNTI used for the UE corresponding to the C-RNTI.

P-RNTI used for paging message.

SI-RNTI used for system information (It could be differentiated according to the type of system

information).
Common RA-RNTI used for random access response (It could be differentiated according to subframe or
PRACH slot index for UE PREACH transmission).
TPC-RNTI used for uplink transmit power control command (It could be differentiated according to

the index of UE TPC group).

[0080] If the C-RNTI is used, the PDCCH or R-PDCCH carries control information specific to a UE or an RN. If any
other RNTI is used, the PDCCH or R-PDCCH carries common control information that all or a plurality of UEs or RNs
within a cell are supposed to receive. The eNB generates code data by channel-encoding DCI attached with a CRC and
rate-matches the coded data according to the number of CCEs allocated toa PDCCH or R-PDCCH format. Subsequently,
the eNB generates modulation symbols by modulating the rate-matched coded data and maps the modulation symbols
to physical REs.

[0081] According to the present invention, the term R-PDCCH refers to a backhaul physical downlink control channel
for relay transmission from an eNB to an RN, and the term R-PUCCH refers to a backhaul physical uplink control channel
for relay transmission from an RN to an eNB. The term R-PDSCH refers to a backhaul downlink physical data/shared
channel for relay transmission and the term R-PUSCH refers to a backhaul uplink physical data/shared channel for relay
transmission.

[0082] Now, a description will be given of RN types. With respect to an RN’s usage of a frequency band (or spectrum),
its operation can be classified into in-band and out-band. For an in-band RN, a backhaul link shares the same frequency
band with an access link. If the backhaul link and the access link operate in different frequency bands, the RN is an out-
band RN. In both in-band and out-band relaying, a UE operating in the conventional LTE system such as one conforming
to Release-8 should be able to access a donor cell.

[0083] Depending on whether a UE is aware of the existence of an RN, RNs may be classified into a transparent RN
and a non-transparent RN. If the UE does not perceive whether it communicates with a network via an RN, the RN is a
transparent RN. In contrast, if the UE perceives whether it communicates with a network via an RN, the RN is a non-
transparent RN.

[0084] In relation to control of RNs, RNs may be classified into an RN configured as a part of a donor cell and an RN
that self-controls a cell.

[0085] The former RN may have an RN ID, although it does not have its own cell ID. If at least a part of Radio Resource
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Management (RRM) of an RN is controlled by an eNB covering the donor cell, the RN is regarded as configured as a
part of the donor cell, even though the other parts of the RRM reside in the RN. Preferably, this RN can support legacy
UEs (e.g. LTE UEs). For instance, smart repeaters, decode-and-forward relays, L2 relays, and Type-2 relays form a
part of a donor cell.

[0086] The latter RN controls one or more cells. The cells are allocated their unique physical cell IDs and they may
use the same RRM mechanism. From the viewpoint of a UE, there is no distinction between accessing a cell controlled
by an RN and accessing a cell controlled by a macro eNB. Preferably, a cell controlled by this type of RN may support
legacy UEs. For example, RNs of this type include self-backhauling RNs, L3 relays, Type-1 relays, and Type-1a relays.
[0087] A Type-1relay is an in-band RN that controls a plurality of cells. Each of the plurality of cells appears to a UE
as a separate cell distinct from a donor cell. The plurality of cells have their own physical cell IDs (as defined in LTE
Release-8) and the RN can transmit its own synchronization channels, RSs, etc. During a single-cell operation, a UE
may receive scheduling information and an HARQ feedback directly from the RN and transmit its control channels (a
Scheduling Request (SR), a CQl, an ACK/NACK, etc.) to the RN. The Type-1 relay appears as a legacy eNB (operating
in conformance to LTE Release-8) to a legacy UE (conforming to LTE Release-8). That is, the Type-1 relay has backward
compatibility. On the other hand, to LTE-A UEs, the Type-1 relay appears different from a legacy eNB. Thus the Type-
1 relay can enhance performance.

[0088] Except for its out-band operation, a Type-1a relay is characterized by the same set of features as the Type-1
relay. The Type-1a relay may be configured such that the influence of its operation on an L1 operation is minimized or
eliminated.

[0089] A Type-2relay is an in-band RN that does not have its own physical cell ID and thus does not form a new cell.
Since the Type-2 relay is transparent to legacy UEs, the legacy UEs do not notice the existence of the Type-2 relay.
The Type-2 relay can transmit a PDCCH but does not transmit at least a Common RS (CRS) and a PDCCH.

[0090] While itis assumed in the present invention that an RN is an in-band RN which is not capable of simultaneous
bi-directional transmission and reception in the same frequency band, the present invention is not limited to in-band
RNs. In order to allow in-band relaying, some resources in the time-frequency domain should be set aside for a backhaul
link (Un) and these resources may be set not to be used for an access link (Uu). This is called resource partitioning.
[0091] A description will be given of the general principle of resource partitioning at an RN. A backhaul downlink and
an access downlink may be TDM-multiplexed in one carrier frequency (that is, only one of the backhaul downlink and
the access downlink is activated at a specific time). Similarly, a backhaul uplink and an access uplink may be TDM-
multiplexed in one carrier frequency (that is, only one of the backhaul uplink and the access uplink is activated at a
specific time).

[0092] Multiplexing of backhaul links in FDD is performed such that backhaul downlink transmission and backhaul
uplink transmission take place in a downlink frequency band and an uplink frequency band, respectively. In comparison,
multiplexing of backhaul links in TDD is performed such that backhaul downlink transmission and backhaul uplink
transmission take place in a downlink subframe between an eNB and an RN and an uplink subframe between the eNB
and the RN, respectively.

[0093] In case of an in-band RN, for example, if backhaul downlink reception from an eNB and access downlink
transmission to a UE are performed simultaneously in the same frequency band, a signal transmitted from the transmitter
of the RN may be received at the receiver of the RN. As a result, signal interference or Radio Frequency (RF) jamming
may occur at the RF front-end of the RN. Likewise, if access uplink reception from a UE and backhaul uplink transmission
to an eNB take place simultaneously in the same frequency band, the RF front-end of the RN may experience signal
interference. Therefore, simultaneous eNB-to-RN and RN-to-UE transmissions in the same frequency band may not be
feasible unless a reception signal and a transmission signal are sufficiently isolated from each other (e.g. a Tx antenna
is geographically apart enough from an Rx antenna (e.g. on the ground/underground)).

[0094] One way to handle the signal interference is to operate the RN such that while the RN is receiving a signal
from a donor cell, it is not transmitting signals to UEs. That is, a gap is created in the RN-to-UE transmission and UEs
(including legacy UEs) are not supposed to expect any RN transmission during the gap. This gap may be created by
configuring a Multicast Broadcast Single Frequency Network (MBSFN) subframe.

[0095] A method for allocating PUCCH resources for transmission of an HARQ ACK/NACK feedback in response to
a PDSCH received from an eNB by a UE in the LTE system will be described.

1)
[0096] In an FDD system, the UE may use PUCCH resources # priccrH to transmit an HARQ ACK/NACK (or an

HARQ ACK) in subframe n in response to a PDSCH transmission indicated by a PDCCH detected in subframe n-4. The

(1) . (1) = r {1 (0 . .
PUCCH resources # priccH satisfy 2 prrccpr™ 7 ccg"‘_l\v pUccE Where ¥ priccp is a resource index

for PUCCH format 1/1a/1b and ncgis the number of a first CCE (or a CCE having the lowest index) used for transmitting
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(1

a DCI assignment. N ptcch

is a parameter configured by a higher layer. If a PDCCH is not detected in the

(1
subframe n-4, *? pra¢p is determined according to a higher layer configuration, for transmission of the HARQ

ACK/NACK from the UE in response to the PDSCH transmission.

[0097] Asdescribed above, PUCCH resources in which the UE will transmitan HARQ ACK/NACK feedback is affected
by the lowest nqg of the indexes of CCEs carrying DCI including resource allocation information for a corresponding
PDSCH transmission in the LTE system. Along with the introduction of RNs to the LTE-A system, a new downlink control
channel R-PDCCH was introduced, especially to support Type-1 in-band RNs. Although an R-PDCCH transmission
method and a method for multiplexing an R-PDCCH with other downlink channels have not been specified yet, the
concept of CCE may be introduced as a basic unit of transmitting an R-PDCCH on the assumption of the R-PDCCH
basically has the same configuration as a PDCCH. In the present invention, the basic unit of transmitting an R-PDCCH
will be referred to as an R-CCE distinguishably from a CCE of a PDCCH.

[0098] Because an in-band RN shares the same time-frequency resources between a backhaul link and an access
link, there exists a need for a method for appropriately multiplexing the two links. In addition, to ensure backward
compatibility with legacy LTE Rel-8 UEs, a gap is artificially created for backhaul data transmission, as described before.
[0099] Fig. 6illustrates an exemplary structure of a fake MBSFN subframe for a relay backhaul link in the LTE-A system.
[0100] Referring to Fig. 6, a "Ctrl" region carries control information that a UE should always receive. The other part
corresponds to an MBSFN subframe in which the UE does not receive a CRS or other control signals. An eNB transmits
backhaul data to an RN in this gap and transmits control information on an R-PDCCH to the RN in this area. The eNB
transmits resource allocation information for downlink backhaul data in the control information.

[0101] An example of multiplexing an R-PDCCH with an R-PDSCH carrying backhaul data will be described below
with reference to Fig. 7.

[0102] Fig. 7 illustrates an exemplary R-PDCCH multiplexing method in the LTE-A system.

[0103] Referring to Fig. 7, an R-PDCCH may be mapped along a time-frequency axis or the R-PDCCH may be
configured to use up to the last symbol of a subframe along a time axis. The present invention is not limited to a specific
method for multiplexing an R-PDCCH with an R-PDSCH.

[0104] Logical R-CCE indexing may be performed independently of CCE indexing of a PDCCH. In this case, the
maximum number of R-CCEs that can be transmitted on an R-PDCCH may vary depending on whether an R-PHICH
(i.e. a control channel for a downlink HARQ ACK/NACK feedback from an RN) is to be transmitted, what transmission
scheme is used for the R-PHICH transmission, how an RS is configured for R-PDCCH demodulation, and how an R-
PDCCH is multiplexed, as well as depending on semi-statically configured PRBs for R-PDCCH transmission, as illustrated
in Fig. 7.

[0105] Therefore, regarding an R-PHICH transmission structure, an R-PDCCH Demodulation RS (DRS) configuration,
and an R-PDCCH multiplexing scheme that are determined by a specific macrocell, the total number of R-CCEs is a
value obtained by dividing the number of remaining REs resulting from excluding REs used for R-PHICH transmission
(in the case where resources are separately allocated to an R-PHICH) from the total REs of semi-statically configured
PRBs for R-PDCCH transmission by an R-CCE size. If this value is denoted by Ng_ccgmax: the R-CCEs may be indexed
sequentially from 0 to Nr_ccemax-1 @ccording to the logical blinding order of R-PDCCCHs performed at the RN.
[0106] In this case, application of the same parameter to PUCCH resource allocation for an RN as to PUCCH resource
allocation for a UE may lead to that the lowest nycg of the indexes of CCEs of a PDCCH carrying PDSCH resource
allocation information for the macro UE is equal to the lowest ng_ccg of the indexes of R-CCEs of an R-PDCCH carrying
R-PDSCH resource allocation information for the RN. As a result, a PUCCH resource collision may occur between the
macro UE and the RN.

[0107] Thatis, since the RN cannot receive a PDCCH area transmitted by the eNB, the RN does not know resources
allocated to other UEs for uplink ACK/NACK transmission. If ACK/NACK resources are mapped using the lowest CCE
index of the R-PDCCH for downlink backhaul data, the same resources as uplink ACK/NACK resources allocated to
macro UEs are allocated to the RN, thereby causing a collision between the ACK/NACK resources.

[0108] Therefore, it is necessary to define a method for mapping uplink ACK/NACK resources for uplink ACK/NACK
transmission from an RN in response to downlink backhaul data for the case where the RN uses the same PUCCH with
a UE in the LTE-A system. To avert this problem, an R-CCE indexing method and a higher-layer signaling method may
be considered.

[0109] First of all, along with introduction of RNs to the LTE-A system, the present invention provides an R-CCE
indexing method to prevent collision between PUCCH resources used for an RN to feedback a HARQ ACK/NACK in
response to an R-PDSCH transmission and PUCCH resources used for a macro UE.
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[0110] Embodiment 1 (R-CCE indexing and associated PUCCH resource mapping)

[0111] In accordance with an embodiment of the present invention, an offset-based R-CCR indexing method is used.
An offset Nygset is defined as a parameter for R-CCE indexing so that R-CCEs are indexed from Nggget t0 Nogrset +
NRr-cceEmax-1, rather than from 0 to Nt @s described before. Nt iS @ semi-static value explicitly signaled to the RN
by higher-layer signaling by the eNB or implicitly known to the RN. In this case, N1 is fixed in every subframe.
[0112] For example, Nt Mmay be fixed to the maximum number of CCEs that can be transmitted in a PDCCH area
determined according to the bandwidth of a cell, a PHICH duration, a CRS transmission structure, and a maximum
Control Format Indicator (CFl) value (e.g. if a bandwidth (BW) < 10 RBs, the CFl is 4 or if the BW > 10 RBs, the CFl is
3). Or Ngfrset may be a dynamic value that varies in every subframe. Then the eNB directly transmits Ny Or @ parameter
with which to determine N to the RN on an R-PDCCH. For instance, N ¢t for a specific frame may be determined
by the CFI of the subframe (e.g. if the BW < 10 RBs, the CFl is 2, 3 or 4 or if the BW > 10 RBs, the CFl is 1, 2 or 3).
That is, the number of CCEs of a PDCCH area in every subframe is variable according to a CFI value even in a cell
having the same BW, the same PHICH duration, and the same CRS transmission structure. In this manner, N, may
be set to the number of CCEs of a PDCCH determined according to the CFI of each subframe.

[0113] The eNB may signal N, directly to the RN in an R-PDCCH area of every backhaul subframe or may signal
a CFl value to the RN so that the RN may determine N, according to the CFl value. The eNB may transmit N et OF
a CFl value for each RN in REs at predetermined positions of an R-PDCCH in a fixed format so that all RNs may receive
Notset OF the CFl value, or may transmit N . Or @ CFl value for each RN in R-PDCCH resource allocation information
directed to the RN.

[0114] Embodiment 2 (PUCCH resource allocation offset setting by higher-layer signaling)

offse

[0115] As described before, a PUCCH resource value 3 ;,IL)

‘g May be determined by

(1) - 1)
R pucc™ RN CCE+vN PUCcH inan FDD system. The eNB may set an offset between an RN and a macro

UE regarding avalue N J(’IL?'C'C?H that the eNB transmits to the macro UE as a cell-specific parameter by higher-layer

Offset
signaling. Thatis, the eNB may define a new parameter N ﬁgéCH , signal it to the RN, and define PUCCH resource

(1) - , CGffset
allocation to the RN by ?? prcca™ Recet N puecn

1 K
[0116] In another method, the eNB may define a new parameter rather than it uses the parameter N;L);Cm

configured for the macro UE and may signal the new parameter &/ }‘,35‘2;, to the RN by higher-layer signaling. Then

9] _ , (1IRN
PUCCH resource allocation to the RN may be defined by 71 prrocpy F2 C’CE+N PLICCH

[0117] The parameters N gggéﬂ'and N ;)ifj)cCH‘: may be RN-specific. In this case, the eNB may transmit the

. , (1) :
parameters to each RN by RN-specific higher-layer signaling. Or the parameters A7 gg&ééH and N pgccemay
be cell-specific. In this case, the eNB may transmit the parameters to each RN by RN-specific higher-layer signaling or
may broadcast the parameters to RNs by cell-specific higher-layer signaling.

[0118] Embodiment 3 (dedicated PUCCH resources allocation for RN)

[0119] The eNB may allocate a dedicated PUCCH to an RN. In this case, the eNB may transmit PUCCH resource

(1.p)
allocation information 7 ;IL)’CCH (or r2 pO%CH ) ) to each RN by higher-layer signaling. A processor 255 of the

RN may determine resources for transmission of an HARQ feedback in response to a PDSCH transmission based on
the PUCCH resource allocation information received from the eNB. The RN may transmit the HARQ feedback in the
determined resources (i.e. resources indicated by the PUCCH resource allocation information) in response to the PDSCH
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transmission.

[0120] Embodiment 4

[0121] The eNB may transmit to an RN resource indexes used for ACK/NACK transmission in response to data on a
control channel that allocates resources for the data transmission or a part of the resource indexes.

[0122] Specifically, when the eNB transmits resource allocation information for downlink backhaul data on an R-
PDCCH, it notifies an RN of nycg used for ACK/NACK information, thereby fundamentally avoiding resource collision
between ACK/NACK transmissions from the RN and a macro UE.

[0123] Embodiment 5

[0124] The eNB may reserve resources for ACK/NACK information related to backhaul data by higher-layer signaling.

L)
For example, /N ;UCC:H in the ACK/NACK resource mapping formula for a macro UE

(1) — vy (1) (1) LD . backhed
1 pucca™ M oce TN picca may be expressedas N priocmr™N pricert N pricer _ That

(1)* L {1y backha .
is, an RN may use resources between NV }:»{ic'cﬁ and N f')l;?'CCXIIJ‘_*’V PUCCI? for ACK/NACK feedback in

response to backhaul data.

[0125] According to the foregoing embodiments of the present invention, even though an RN and a UE may transmit
HARQ feedbacks on a PUCCH, there is no risk of collision between the HARQ feedbacks.

[0126] The embodiments of the present invention described above are combinations of elements and features of the
present invention. The elements or features may be considered selective unless otherwise mentioned. Each element
or feature may be practiced without being combined with other elements or features. Further, an embodiment of the
present invention may be constructed by combining parts of the elements and/or features. Operation orders described
in embodiments of the present invention may be rearranged. Some constructions of any one embodiment may be
included in another embodiment and may be replaced with corresponding constructions of another embodiment. It is
obvious to those skilled in the art that claims that are not explicitly cited in each other in the appended claims may be
presented in combination as an embodiment of the present invention or included as a new claim by a subsequent
amendment after the application is filed.

[0127] Those skilled in the art will appreciate that the present invention may be carried out in other specific ways than
those set forth herein without departing from the spirit and essential characteristics of the present invention. The above
embodiments are therefore to be construed in all aspects as illustrative and not restrictive. The scope of the invention
should be determined by the appended claims and their legal equivalents, not by the above description, and all changes
coming within the meaning and equivalency range of the appended claims are intended to be embraced therein.

Industrial Applicability

[0128] Theapparatus and method for transmitting and receiving control information are industrially applicable to various
communication systems such as 3GPP LTE, LTE-A, and IEEE 802 systems.

Claims

1. A method for receiving control information at a Relay Node (RN) in a wireless communication system, the method
comprising:

receiving, from an evolved Node B (eNB), control information for a Hybrid Automatic Repeat reQuest (HARQ)
ACKnowledgment (ACK) feedback corresponding to data transmission from the eNB through an higher-layer
signaling; and

transmitting, the HARQ feedback on an uplink control channel based on the control information, to the eNB,
wherein the control information includes information about a resource of the uplink control channel for the HARQ
feedback transmission.

2. The method according to claim 1, wherein the uplink control channelis a Physical Uplink Control CHannel (PUCCH).

3. The method according to claim 1, wherein the information about resource of the uplink control channel is indicated
by the index of a Control Channel Element (CCE).
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The method according to claim 1, wherein the information about resource of the uplink control channel is RN-specific.

A method for transmitting control information at an evolved Node B (eNB) in a wireless communication system, the
method comprising:

transmitting, to a Relay Node (RN), control information for a Hybrid Automatic Repeat reQuest (HARQ) AC-
Knowledgment (ACK) feedback corresponding to data transmission from the eNB through an higher-layer sig-
naling; and

receiving, the HARQ feedback through a resource of an uplink control channel indicated by the control infor-
mation, from the RN.

The method according to claim 5, wherein the uplink control channel is a Physical Uplink Control CHannel (PUCCH).

The method according to claim 5, wherein the resource of the uplink control channel are indicated by the index of
a Control Channel Element (CCE).

A Relay Node (RN) for receiving control information in a wireless communication system, the RN comprising:

a reception antenna configured to receive, control information for a Hybrid Automatic Repeat reQuest (HARQ)
ACKnowledgment (ACK) feedback corresponding to data transmission from the eNB through an higher-layer
signaling, from an evolved Node B (eNB);

a processor configured to determine a resource of an uplink control channel to be used for transmitting the
HARQ feedback based on the control information; and

a transmitting antenna configure to transmitting the HARQ feedback in the determined resource.

The RN according to claim 8, wherein the uplink control channel is a Physical Uplink Control CHannel (PUCCH).

The RN according to claim 8, wherein the resource of the uplink control channel are indicated by the index of a
Control Channel Element (CCE).

An evolved Node B (eNB) for transmitting control information in a wireless communication system, the eNB com-
prising:

a transmission antenna configured to transmit, to a Relay Node (RN), control information for a Hybrid Automatic
Repeat reQuest (HARQ) ACKnowledgment (ACK) feedback corresponding to data transmission from the eNB
through an higher-layer signaling; and

a reception antenna configured to receive, the HARQ feedback through a resource of an uplink control channel
indicated by the control information, from the RN.

The eNB according to claim 11, wherein the uplink control channel is a Physical Uplink Control CHannel (PUCCH).

The evolved Node B(eNB) according to claim 11, wherein the resource of the uplink control channel are indicated
by the index of a Control Channel Element (CCE).

13
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FIG. 1
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FIG. 3
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FIG. 4
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FIG. 5

One downlink slot Tt

/

N

AN

o5y OFDM symbols\

(N

k=NRY NRB .|

Resource block
/ Nk, XNRB Resource element

Resource element (k,1)

7

NRB subcarriers

SC

|

k=0

1=0

18

1=N

DL 1
symb



EP 2 549 672 A2

FIG. 6
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